Abstract. In this paper, a full electrification building with five building types (store, office, hospital, hotel and residence) located in different climate zones (Sapporo, Hakinohe, Sendai, Tokyo, Kagoshima, Naha) in Japan was assumed for the introduction of PV system. The unit costs, running strategies, and payback periods are calculated and compared. In this way, the effect of climate condition and building type on the performance of PV system in Japan is understood.
Introduction
In recent years, the searching for a substitute for fossil energy sources has increased the interest in photovoltaic (PV) system adoption in the building sector [1] . As is known to all, the power generation of PV system, which converts sunlight directly into electricity, is mainly affected by the solar irradiation, thus, the performance of PV unit will be different within various cities located in different climate zones. In addition, different electricity demands also affect the performance of PV system.
In this study, a full electrification building with five building types (store, office, hospital, hotel and residence) located in different climate zones (Sapporo, Hakinohe, Sendai, Tokyo, Kagoshima, Naha) in Japan was assumed, and the total area is 10000 m 2 . The performance of PV unit will be investigated from three aspects: unit cost of PV system, payback time, and annual cost reduction rate compared with conventional system.
Methodology
Brief Description of the PV System Figure 1 shows the schematic image of grid-connected PV system. The key components of a grid connected PV system include solar panels, inverter, electrical panel, disconnect switch and a meter that facilitates grid integration. The array is composed of a series of PV modules which themselves are composed of numerous PV cells, the cells are made mostly of silicon or another semiconducting material that converts incoming light energy into electricity; An inverter is a power-conditioning device that converts the incoming direct current (DC) power from the PV array into alternating current (AC) power that most home electronic devices are designed to use; The users can buy power from the central utility when needed or supply surplus home-generated power back to the utility, and through a meter the power brought in and sold out can be metered respectively [2, 3] .
As to the current study, the electricity demand is supplied by the PV system, and the deficiency is satisfied by local utility grid. Similarly, cooling and space-heating is assumed to use electricity through an air conditioner. In addition, an air-source heat pump will meet hot water demand. Note that, there is no battery within the system, and the surplus electricity will be sold out to the utility grid [4] .
Assessment Methods
The algorithm of PV system analysis procedure is shown in Figure 2 . After setting the capacity of PV unit, initial values including load data, technical data, climate data are given to the PV system at the beginning and the electricity generated can be deduced. If load demand is more than electricity generated, the insufficient electricity will be satisfied by utility grid, on the contrary, if load demand is less than electricity generated, the surplus electricity generated will be sold back to the utility grid which is named FIT subsidy system. Based on the above principle, the operational strategy is assessed and the annual energy charge is evaluated by the comprehensive relationships of load demands, PV system performance characteristics and energy balance of the whole system. In addition, given a specific PV capacity, the economic and environmental characteristics of the whole energy system can be evaluated. Furthermore, the sensitivity analysis can be easily executed to understand the influence factors relating to the economic adoption of PV system. 
Assessment Criteria
In this study, two indicates have been employed to assess the performance of the PV system. To understand the economic completion with the utility grid, the gas of unit cost between PV system and utility tariff rate is assumed, as shown in Eq. (1)
where, gap C is the gas value, PV C and Grid C are the unit costs of the PV system and the utility grid, respectively.
To assess the economic performance of the PV system, the dynamic payback period which considers the time value of money, is employed, as shown in Eq. (2).
where, P is the payback period, M is the capacity of the PV system, inv C is the initial investment cost of the PV system, i is the target rate of return per period, and W is the net cash flow of the system. 
Numerical Study Energy Demand
As has been introduced before, the building is assumed as using electricity for all energy demand, thus, it is necessary to transfer all demand to electricity which is shown in Figure 3 . It can be found out that, generally, store enjoys the largest energy consumption, followed by hotel, hospital, office, and residence respectively. As to the same building type, Tokyo always has the largest electricity load except in hospital. In addition, it can be found out that, the energy consumption order is always different in various building types. For example, office, hospital and residence has the same order which is Tokyo > Sapporo > Hakinohe > Sendai > Kagoshima > Naha. 
Climate Data
Solar irradiation is the main factor affecting the electricity generation of PV system. Figure 4 shows the annual solar daily radiation in selected six cities in Japan. Before July, the solar irradiation in Naha is not the largest, while from July to December, as is expected, Naha enjoys the highest solar irradiation and followed by Kagoshima. In addition, it can be concluded that the peak solar irradiations do not appear in the same month in different cities. For example, solar irradiation peaks at June in Sapporo and Hachinohe, while peaks at August in Kagoshima. 
Results and Discussion

Unit cost of PV System
Figure 5 shows unit costs of PV system in different cities. As has been introduced above, unit cost of PV system is determined by both the investment of PV system and total electricity generated. Generally, Tokyo has the highest PV unit cost with 0.162 $/kWh and followed by Sendai, Sapporo, Hachinohe, Kagoshima and Naha, respectively. In order to compare the unit cost of PV system with the conventional utility electricity price, Figure  6 shows the gap between the two systems both in commerce and residence, which is deduced by conventional electricity price minus PV system unit cost. Note that, the flat utility electricity price is adopted here for comparison convenience. It is interesting to find out that except commerce in Kagoshima, PV system shows lower unit price than utility price especially in residence sector which has relatively higher price than commercial sector, which means that from the view of unit cost point, it is available to adopt the PV system in Japan. 
Operating Strategy and Economic Performance
As an example, Figure 7 shows the operation strategy of the PV system in six selected cities in residential sector. The electricity load is equal to electricity produced by PV system plus brought from grid, subtracting electricity sold out. As has introduced before, the studied building is assumed electrification, which means there is only electric demand which is supplies by PV unit as well as purchased electricity from the utility grid. As the figure shows, the PV electricity sold out is almost zero in all cases, which is as low as 1.11MWh, 0.31MWh and 0.34MWh in Hachinohe, Sendai and Naha, while 0 in other two cities. However, although almost all of the PV system electricity generation is supplied to the load demand, the proportion is less than 20%, because of high electricity demand, which is largest in Naha due to its relatively low electricity demand and larger amount electricity generation from PV system. It can be concluded that the order is in accordance with the load demand and other than the PV electricity generated amount. Economic performance is the most important factor when consumers adopt renewable energy system. Figure 8 shows the annual cost reduction ratio as well as payback year of the PV system in selected six cities. Generally, residence has the best economic performance, of which the cost reduction is above 9%, and followed by office, hospital, hotel and store which is in accordance with the electricity demand. In addition, Kagoshima always occupies the highest cost reduction in commerce except in residence, while Tokyo is the lowest one.
As to the payback year, generally, the value is the same in one city for all commercial building types due to the same electricity price, same FIT. Payback year in Kagoshima for commerce is shortest which is only 11 years, and followed by Naha, Tokyo, Sendai, Hachinohe and Sapporo, respectively. While, for residence, generally, payback year is shorter than commerce for each city. Sapporo enjoys the shortest payback year with 8 years. Furthermore, it can be concluded that the payback years is in accordance with the annual cost reduction rate for the net cash flow of the system is the same for each building type for commerce. 
Conclusions
In this paper, unit costs of PV system in five Japanese cities have been analyzed. In addition, the payback periods of PV system are also deduced. According to the simulation results, because of the large electricity demand in Japan, the electricity sold out is almost 0 which is totally contributed to supply the load demand. The system which has a higher annual reduction ratio always has a shorter payback year. While, this is not definitely right, for the payback year is determined by the net cash flow of the system as well as total initial cost of the PV system. 
